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CHEMICAL MECHANICAL POLISHER WITH GROOVED BELT 

Background 

The present invention relates to chemical mechanical polishing. More particularly, 
the present invention relates to apparatus and methods for chemical mechanical polishing 
of substrates using a belt. 

Integrated circuits are typically formed on substrates, particularly silicon wafers, 
by the sequential deposition of conductive, semiconductive or insulative layers. After 
each layer is deposited, the layer is etched to create circuitry features. As a series of layers 
are sequentially deposited and etched, the outer or uppermost surface of the substrate, i.e., 
the exposed surface of the substrate, becomes increasingly non-planar. 

Chemical mechanical polishing (CMP) is one accepted method of planarizing a 
substrate. This method typically requires that the substrate be mounted on a carrier head. 
The exposed surface of the substrate is placed against a rotating polishing pad or moving 
polishing belt. The carrier head provides a controllable load, i.e., pressure, on the 
substrate to push it against the polishing pad. In addition, the carrier head may rotate to 
provide additional motion between the substrate and polishing surface. In addition, a 
polishing slurry, including at least one chemically-active agent, may be supplied to the 
polishing pad. Unless a fixed abrasive polishing pad is used, the slurry should also 
contain abrasive particles. 

One problem in CMP relates to slurry distribution. The CMP process is fairly 
complex, requiring the interaction of the polishing pad, abrasive particles and reactive 
agent with the substrate. Accordingly, ineffective distribution of the slurry across the 
surface of the polishing pad provide less than optimal polishing results. Rotatable 
polishing pads have been used which include perforations about the pad. The 
perforations, when filled, distribute slurry in their respective local region as the polishing 
pad is compressed. This method of slurry distribution has limited effectiveness because 
each perforation in effect acts independently. Thus, some of the perforations may have 
too little slurry, while others may have too much slurry. Furthermore, there is no way to 
directly channel the excess slurry to where it is needed. 

Another problem in CMP is "glazing" of the conventional (non-fixed abrasive) 
rotatable polishing pad. Glazing occurs when the polishing pad is heated and compressed 



in regions where the substrate is pressed against it. The roughened surface of the 
polishing pad is smoothed out and the perforations in the polishing pad are filled up, so 
the surface of the polishing pad becomes less abrasive. As a result, the polishing time 
required to polish a substrate increases. Therefore, the polishing pad surface must be 
periodically conditioned to maintain a high throughput. 

In addition, during the conditioning process, waste materials associated with 
abrading the surface of the pad may fill or clog the perforations in the polishing pad. 
Filled or clogged perforations can not hold slurry, thereby reducing the effectiveness of 
the polishing process. 

Summary 

In one aspect, the invention is directed to a chemical mechanical polishing 
apparatus that has a substrate holder, a polishing belt, and a backing member positioned 
on a side of the polishing belt opposite the substrate holder. The polishing belt has a 
polishing surface to contact at least a portion of the substrate held by the substrate holder 
while the polishing belt is moving in a first direction in a generally linear path relative to 
the substrate. The polishing belt has a plurality of grooves formed therein, the grooves 
having a depth of at least about 0.02 inches, a width of at least about 0.015 inches, and a 
pitch of at least about 0.09 inches. 

Implementations of the invention may include one or more of the following 
features. The grooves may be uniformly spaced over the polishing surface. The grooves . 
have a depth between about 0.02 and 0.05 inches, e.g., approximately 0.03 inches, a width 
between about 0.015 and 0.04 inches, e.g., approximately 0.02 inches, and a pitch 
between about 0.09 and 0.24 inches, e.g., approximately 0.12 inches. An actuator may 
urge the substrate and the belt into contact with one another for polishing. A fluid layer 
may be interposed between the membrane backing member and the polishing belt. The 
belt may have a width at least as wide as the substrate holder. The belt may be driven 
continuously during polishing, or may be driven periodically between polishing 
operations. The belt may be continuous belt, or it may extend between a feed and a take- 
up roller. The grooves may be oriented substantially perpendicular to the first direction of 
motion. The grooves may include a first plurality of substantially linear grooves and a 
second plurality of substantially linear grooves oriented perpendicular to the first plurality 



of grooves. The grooves may have an arcuate shape curved away from the first direction 
of motion. 

In another aspect, the invention is directed to a chemical mechanical polishing 
apparatus that has a substrate holder, a polishing belt,, and a backing member positioned 
on a side of the polishing belt opposite the substrate holder. The polishing belt has a 
polishing surface to contact at least a portion of the substrate held by the substrate holder. 
The belt is movable in a first direction in a generally linear path relative to the substrate, 
and has a plurality of grooves formed therein, the grooves oriented substantially 
perpendicular to the first direction of motion. 

Implementations of the invention may include one or more of the following 
features. The plurality of grooves may be substantially linear. 

In another aspect, the invention is directed to a chemical mechanical polishing 
apparatus that has a substrate holder, a polishing belt, and a backing member positioned 
on a side of the polishing belt opposite the substrate holder. The polishing belt has a 
polishing surface to contact at least a portion of the substrate held by the substrate holder. 
The belt is movable in a first direction in a generally linear path relative to the substrate. 
The polishing belt has a first plurality of substantially linear grooves and a second 
plurality of substantially linear grooves formed therein. The first plurality of grooves 
oriented substantially perpendicular to the second plurality of grooves. 

Implementations of the invention may include one or more of the following 
features. The first plurality of grooves may be oriented substantially perpendicular to the 
first direction, or the first and second pluralities of grooves nay be oriented at about 45 
degrees to the first direction. 

In another aspect, the invention is directed to a chemical mechanical polishing 
apparatus that has a substrate holder, a polishing belt,, and a backing member positioned 
on a side of the polishing belt opposite the substrate holder. The polishing belt has a 
polishing surface to contact at least a portion of the substrate held by the substrate holder. 
The belt is movable in a first direction in a generally linear path relative to the substrate. 
The polishing belt has a plurality of arcuate grooves formed therein. 

Implementations of the invention may include one or more of the following 
features. The arcuate grooves may be bowed away from the first direction. 

Advantages of the invention may include the following. The grooves of the 
polishing pad provide an effective way to distribute slurry across the pad. Slurry may be 



distributed to the substrate more uniformly, thereby providing more uniform polishing 
across the substrate. The grooves are sufficiently wide that waste material produced by a 
conditioning process can be flushed from the grooves. The relatively deep grooves also 
improve the pad lifetime. 

Brief Description of the Drawings 
Figure 1 is a perspective view of a polishing apparatus that includes a continuous 
polishing belt. 

Figure 2 is a top view of the polishing belt from Figure 1. 

Figure 3 is a cross-sectional view of the polishing belt of Figure 2 taken along line 

3-3. 

Figure 4A is a top view of an implementation of the polishing belt using cross- 
hatched grooves. 

Figure 4B is a top view of an implementation of the polishing belt using diagonal 
grooves. 

Figure 4C is a top view of an implementation of the polishing belt using 
discontinuous grooves. 

Figure 5 is a top view of an implementation of the polishing belt using arcuate 
grooves. 

Detailed Description 

An apparatus of chemical mechanical polishing (CMP) is illustrated in Figure 1 . 
In this apparatus, a substrate surface is polished by using an abrasive slurry with an active 
chemical (e.g., an alkaline solution) in combination with a moving polishing belt 60. 

A substrate (wafer) holder (polishing head) assembly 30 includes a fixed base 32 
connected to a movable support arm or frame 34. The support frame 34 holds a polishing 
head shaft 38 which supports a polishing head 40. The polishing head shaft 38 can be 
rotated by a rotation mechanism (not shown) to control the rotation of the polishing head 
40. The vertical position of the wafer holding surface of the polishing head 40 can be 
controlled, e.g., by a pressure chamber in the polishing head 40 or by a vertical actuator 
coupled to the polishing head shaft 38. 

The polishing belt 60 is routed around three rollers 68, 70 and 72. During 
polishing, the belt moves continuously in a longitudinal direction between the top two 



rollers, e. g. from roller 70 to roller 72. As the polishing belt 60 moves, an abrasive liquid 
slurry is distributed over the width of the belt 60 by a distribution manifold 74. 
Alternately, the chemical can be applied to the polishing belt at another location, e.g., by 
using spray nozzles (not shown). A chemical, e.g., an alkaline such as NaOH or KOH for 
oxide polishing, to control the polishing rate can be part of the slurry. As the slurry on the 
polishing belt 60 contacts the substrate held by the polishing head 40, chemical 
mechanical polishing of the substrate occurs. 

A backing assembly 52 (shown in phantom in Figure 1) is positioned adjacent to 
the belt 60 at a location directly opposite to the polishing head 40. The moving belt is 
sandwiched between the polishing head 40 and the membrane backing assembly 52. The 
backing assembly 52 assists in providing a uniform contact pressure between the belt 60 
and the substrate. A conformable plate (not shown) can be molded over the top of the 
backing assembly 52. In addition, to reduce or eliminate wear between the bottom of the 
belt 60 and the backing assembly 52, a pressurized fluid of either gas or liquid is provided 
through holes to create a fluid bearing. The fluid or gas creating this layer is continuously 
replenished so that the thickness of the layer remains generally constant as the liquid or 
gas escapes sideways. 

An unillustrated conditioning mechanism periodically or continuously abrades the 
polishing belt to return the polishing surface to a rough condition. 

The substrate and polishing head 40 can be rotated by a rotating mechanism, and 
can also be oscillated across the width of the belt 60. Such rotation and oscillatory 
movement prevents surface defects and anomalies in the polishing belt 60 from creating a 
corresponding anomalies in the surface of the substrate. Slow rotation of the polishing 
head 40 (providing a diametral speed which is less than l/100th of the translational speed 
of the belt 60) distributes the action of a defect on the surface of the belt over the surface 
of the substrate to help minimize its effect. If the polishing head moves at a rate of 100 
ft/min then the rotation of the polishing head for an eight inch wafer should be about 1 
rpm or provide a 100:1 ratio between the movement of the belt versus the movement 
related to the rotation of the substrate. 

Referring to Figures 2 and 3, the polishing belt 60 can be composed of a layer 62 
of polyurethane or polyurethane mixed with a filler. The polishing belt has a roughened 
durable polishing surface 64. The polishing belt 60 can also include a second layer 66 of a 



more compressible or flexible material bonded to an lower surface of the polyurethane 
layer 62. 

A plurality of generally parallel linear grooves 100 are disposed in the polishing 
surface 64 of the polishing belt 60. The linear grooves are oriented perpendicular to the 
direction of motion (shown by arrow A) of the polishing belt during polishing. The 
grooves are uniformly spaced with a pitch P. Each groove can have a depth Dg and a 
width Wg. Each groove 100 includes generally perpendicular walls 104 which terminate 
in a substantially U-shaped base portion 106. Between each groove is a partition 110 
having a width Wp. 

During polishing, slurry dispensed by the distribution manifold 74 onto the 
polishing belt 60 accumulates in the linear grooves 100, and is carried beneath carrier 
head 40 into contact with the exposed surface of the substrate. 

Each polishing cycle results in wear of polishing belt 60, generally in the form of 
thinning of the polishing belt due to conditioning. The width Wg of a groove with 
substantially perpendicular walls 104 does not change as the polishing belt is worn. Thus, 
the generally perpendicular walls ensure that the polishing pad has a substantially uniform 
surface area over its operating lifetime. 

The polishing belt of the present invention include relatively wide and deep 
grooves. The grooves 100 have a minimum width Wg of about 0.015 inches. Each groove 
100 can have a width Wg between about 0.015 and 0.04 inches. Specifically, the grooves 
can have a width Wg of approximately 0.020 inches. Each partition 110 can have a width 
Wp between about 0.075 and 0.20 inches. Specifically, the partitions can have a width 
Wp of approximately 0.10 inches. Accordingly, the pitch P between the grooves can be 
between about 0.09 and 0.24 inches. Specifically, the pitch can be approximately 0.12 
inches. 

The ratio of groove width Wg to partition width Wp can be selected to be between 
about 0.10 and 0.25. The ratio can be approximately 0.2. If the grooves are too wide, the 
polishing pad will be too flexible. On the other hand, if the grooves are too narrow, it 
becomes difficult to remove waste material from the grooves. Similarly, if the pitch is too 
small, the grooves will be too close together and the polishing pad will be too flexible. On 
the other hand, if the pitch is too large, slurry will not be evenly transported to the entire 
surface of the substrate. 



The grooves 100 also have a depth Dg of at least about 0.02 inches. The depth Dg 
can be between about 0.02 and 0.05 inches. Specifically, the depth Dg of the grooves can 
be approximately 0.03 inches. Upper layer 36 can have a thickness T between about 0.06 
and 0.12 inches. As such, the thickness T can be about 0.07 inches. The thickness T 
should be selected so that the distance Dp between the bottom of base portion 106 and 
lower layer 38 is between about 0.035 and 0.085 inches. Specifically, the distance Dp 
can be about 0.04 inches. If the distance Dp is too small, the polishing pad will be too 
flexible. On the other hand, if the distance Dp is too large, the polishing pad will be thick 
and, consequently, more expensive. 

Referring to FIG. 4A, in another implementation, two sets of generally linear 
grooves 200 and 202 are disposed in the polishing surface 64 of the polishing belt 60. The 
first set of grooves 200 can be oriented perpendicular to the second set of grooves 202. 
For example, the first set of grooves 200 can be oriented perpendicular to the direction of 
motion (shown by arrow A) of the polishing belt, whereas the second set of grooves can 
be oriented parallel to the direction of motion. Alternatively, referring to FIG. 4B, two 
sets of generally linear grooves 210 and 212 can be oriented at a 45 degree angle to the 
direction of motion of the polishing belt. 

Some or all of the grooves can have discontinuities. In particular, grooves that are 
oriented parallel to the direction of motion of the polishing pad can be discontinuous. 
This can assist in transporting the slurry to the substrate. For example, referring to FIG. 
4C, grooves 220 and 222 are oriented parallel to the direction of motion, and grooves 222 
are discontinuous. 

In addition, some or all of the grooves can end before the edge of the polishing 
belt. For example, referring to FIG. 4C, grooves 224 and 226 are oriented perpendicular 
to the direction of motion of the polishing pad. Grooves 224 extend to the edge of the 
pad, whereas grooves 225 do not. Two portions along the opposite edges of the belt can 
be entirely free of grooves. 

Referring to FIG. 5, in another implementation, a set of arcuate grooves 230 are 
disposed in the polishing surface 64 of the polishing belt 60. The arcuate grooves 230 can 
be bowed away from the direction of motion (shown by arrow A) of the polishing belt. 
The arcuate grooves 300 can be generally equidistant, with the pitch, width and depth 
described for the implementation of FIG. 2. However, in the implementation of FIG. 5, 
the curved shape of the groove counteracts the forces that tend to urge the slurry toward 



and off the edge of the polishing pad. Thus, the curved grooves 64 tend to retain more 
slurry and, consequently, less slurry needs to be supplied to the polishing pad, thereby 
reducing the cost of consumables for the polishing machine. These grooves can also be 
discontinuous and do not need to extend to the edge of the polishing pad. 

The belt has been described as a continuous belt that moves during polishing to 
create relative motion between the polishing surface and the substrate. However, the 
invention may also be applicable to a CMP machine in which the belt is driven between a 
feed roller and a take-up roller. In addition, the invention may also be applicable to a 
CMP machine that incrementally advances the belt between polishing operations, and 
then either orbits the carrier head or rotates a backing assembly that holds the belt in order 
to create relative motion between the substrate and polishing surface. Such polishing 
machines are described in U.S. Patent Applications Serial No. 09/244,456, filed February 
4, 1999, Serial No. 09/796,303, filed February 27, 2001, and Serial No. 09/302,570, filed 
April 30, 1999. 

While the invention has been described with regards to specific embodiments, 
those skilled in the art will recognize that changes can be made in form and detail without 
departing from the spirit and scope of the invention. 

What is claimed is: 
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